A further flight of a high resolution echelle spectrograph has been carried out on a Skylark rocket to measure solar line profiles in the region 1400-2200 Â. Improvements in reflective coatings and better thermal stability resulted in an increase in both the number and quality of profiles recorded. Microdensitometer traces for 37 emission lines are presented. Analysis of the profiles leads to a non-thermal mechanical velocity component which increases with temperature over the range 6.io 3 -io 5 K, always remaining subsonic. Interpretations are considered in terms of a progressive mechanical energy flux to the corona. These include acoustic and MHD modes for both spherically symmetric and network models of the atmosphere. Neither mode can be eliminated, although there are some difficulties in fitting the observations. It is also possible that the observed broadening is caused by non-propagating modes.
I. INTRODUCTION
Earlier observations of emission line profiles in the solar ultraviolet spectrum below 2000 Â (McAllister & Wolff 1972; Brueckner & Moe 1972; Bruner et al. 1973; Kohl, Parkinson & Reeves 1973; Boland et al. 1973) have demonstrated the existence of a non-thermal kinetic energy component in the transition region between the upper chromosphere and lower corona. It has been proposed ) that this non-thermal energy is propagated as sound waves from the lower levels of the solar atmosphere to provide the energy to heat the corona. This paper describes a recent experiment which has extended the observations in this wavelength region, and presents the emission line profiles which were recorded and discusses their interpretation.
The high resolution ultraviolet spectra covering the region 1400-2200 Â were obtained with an echelle spectrograph which has been fully described elsewhere (Boland, Jones & Engstrom 1971a) . The experiment was flown in an attitude stabilized (Cope 1964) Skylark rocket from Woomera, South Australia, at 04.52 UT on 20 March 1973. The exposures were made on Kodak 101-01 emulsion at altitudes between 130 and 205 km. The instrument was recovered in good condition and is now in use in the laboratory to assist the analysis of the flight data.
INSTRUMENTATION
The echelle spectrograph was similar in design to those employed in earlier flights (Boland et al. 1971b; Boland et al. 1973) , the only change from the former 698 B. C. Boland et al. Vol. 171 instruments being in the reflective coatings used on the image-forming collector mirror and on the collimator mirror. To reduce the stray light level within the instrument both of these mirror surfaces employed a Perkin-Elmer solar-blind coating (Austin 1970 ). This has a high reflection efficiency in the range 1400-2200 Â and a very low efficiency at longer wavelengths in the ultraviolet and visible regions up to approximately 5000 Â. The measured spectral reflectance of the coating used on the flight mirrors is shown in Fig. 1 for the case of a single reflection. With two such reflections, i.e. from the collector mirror and the collimator mirror, a high level of discrimination against the longer wavelengths was obtained, resulting in very low stray light within the instrument. The background photographic fog density above clear plate nowhere exceeded D = 0*04. The curve of Fig. i shows an increasing reflection efficiency above 5500 Â but this effect is compensated by the rapidly falling sensitivity of the 101-01 emulsion above this wavelength. •, measurements at the Appleton Laboratory; x , measurements by Perkin-Elmer, Norwalk, Connecticut.
The characteristic curve for the photographic film was measured at a number of wavelength points in the observed spectral range. Inspection of the curves showed negligible differences at any of the wavelengths and a composite density vs log exposure curve was constructed as shown in Fig. 2 . This curve was used in laboratory measurements of the instrument performance and also in the reduction of the flight data.
The spectral resolution of the instrument was determined in the laboratory both before and after the flight. The instrumental half intensity line width was measured to be 0*025 ^ using molecular spectra produced in a microwave excited source with carbon monoxide as the filling gas at a pressure of o*2torr. On a previous flight , a degradation of the spectral resolution had been noted. This was due to thermal gradients within the instrument caused by a flow of heat by conduction and radiation from the hot rocket body following its passage through the lower levels of the atmosphere. On the present experiment thermal effects were reduced to an acceptable level by using a stainless steel attach- No. 3, 1975 The solar ultraviolet spectrum 699 ment ring system at the main attachment section of the instrument to the rocket skin. The securing points of the instrument to the ring, and of the ring to the rocket skin, were arranged to give a high thermal impedance between the rocket body and the spectrograph. Large copper blocks which acted as thermal sinks were mounted on the spectrograph side of the attachment points. Additionally, the instrument was enclosed within a polished metal shield which reflected the radiated energy coming from the inside of the rocket skin. These measures reduced thermal gradients occurring during the observational period of the flight to low levels. Thermistors were mounted at positions on the inside surface of the rocket skin, and on the attachment ring and at temperature sensitive points throughout the spectrograph structure. Although the outside of the rocket skin attained a temperature in excess of 25o°C the temperature rise within the instrument over the total observing time was less than 2°C, with differences of less than o , 5°C across the critical sections of the instrument. These precautions allowed the in-flight data to be used to determine the in-flight resolution and this is discussed in a later section. The spectrograph slit was 0*5 mm length x 0*02 mm width. This is equivalent to 3*4 arcminx 8 arcsec. However, the spatial resolution of the recorded spectra was limited to ^40 arcsec by residual aberrations. The slit was set to be parallel to the solar equator, to observe a quiet region on the disk, with the slit centre positioned at the solar coordinates 10*5 arcmin East, S'O arcmin North of the centre of the observed solar disk. The position of the solar image on the spectrograph slit was monitored in flight by a 16-mm cine camera which photographed the image at i-s intervals for the duration of the experimental observations. The cine camera images were recorded on Eastman Fine Grain Positive 7302 film and were developed in Kodak D163 developer.
DATA
During the flight only two of the four planned exposures were made owing to a loss of pointing control. The first exposure was of 47 s and the following exposure of 29-s duration. The recovery of the payload was rapid and the films were processed less than 5 hr after launch. The Kodak 101-01 film was developed for 4 min at 20 °C in D.19 developer after a 2-min pre-soak in distilled water.
The spectrum recorded on the first exposure is shown in Plate I. The Fraunhofer absorption spectrum is measurable down to ~ 1750 Â and contains many hundreds of absorption lines. Part of the spectrum is observed for the first time at high resolution, and many of the lines have not previously been identified. The continuum extends to much shorter wavelengths, and can be seen down to ~ 1450 Â. Also prominent in the photospheric spectrum are the aluminium auto-ionization lines at 1931 and 1937 Â. The dark line visible along the centre of the spectrum does not represent solar structure but is due to a small obstruction in the entrance slit. The analysis of the photospheric data will be the subject of a later publication. In particular, the level of the continuum from 1650 to 2000 Â will be studied to examine the possible line-blanketing effect of the absorption lines.
Some of the narrow Fraunhofer absorption profiles were measured on the flight exposures and were found to have half-intensity widths ranging between 0-04 and 0-05 Â. These would include a thermal Doppler component. After allowance was made for the thermal contributions, the absorption line data established probable limits for the instrumental resolution of 0-025 Â< AA< 0-035 Â. Calculations using the measured in-flight temperature gradients occurring in the instrument gave an upper limit of 50 per cent for the increase in line width over the laboratory figure. These considerations led us to adopt a value of 0-03 ± 0-005 Â for the instrumental half-width used in the reduction of the flight data. Table I shows a list of emission lines which have been densitometered. The density profiles were produced using a Joyce-Loebl microdensitometer, and the tracings are presented in Fig. 3 .1-3.27 for each of the lines listed in Table I , with a clear film reading which indicates the zero density level for each trace. The Table I List of emission lines for which density profiles are presented in Fig. 3 Wavelength No. 3, 1975 The solar ultraviolet spectrum 705
Silicon m. 1402-77 Â No. 3, 1975 The solar ultraviolet spectrum 709
Iron n 1724*85 Â Iron IE 1726*39Â density profiles are not converted to relative intensity profiles since this requires a personal judgment which could result in a loss of information for other users of the data.
Helium
The He n line at 1640 Â is shown in Fig. 3 .1. It is recorded at low density on the film and has a near neighbour of equal intensity spaced 0*24 Â to the short wavelength side of the statistical weighted mean of the He 11 transition. This line is identified as Fen 1640.17 Â. Previous intensity measurements of the Hen line made from lower resolution spectra would have included the blend and will be approximately a factor 2 too high. The low recorded density of the Hen line makes any measurement on the line profile of doubtful value.
Recent profile measurements of He 11 304 Â by Feldman & Behring (1974) give a width of 0-II2 Â. If this is interpreted as Doppler broadening then the 1640 Â line would be expected to have a width of ~ o*6 Â. This raises an alternative possibility that the feature seen on Fig. 3 .1 at 1640*4 is some other unidentified line, while the He 11 line itself is very broad and difficult to detect. This doubt must also apply to all previous observations at 1640 Â by other authors.
Carbon
The C i multiplets at 1560 and 1658 Â show marked self-reversal as would be expected with optical depths ae 10 3 . The wavelengths of the multiplet components are indicated in Fig. 3 .2 and 3.3. The inter-system line at 1993*62 Â will be optically thin since it has a very low oscillator strength, and although this line is superimposed on a high level of continuum, see Fig. 3 .4, a comparison with the Voigt Profiles of Van der Hulst & Reesink (1947) showed a good fit with a gaussian profile with Voigt parameters of ßijh = o*o and J82/A = o*6, where h is the total breadth of the observed profile at 0*5 /max, and the other fit point was at 0*1 /maxThe C iv profiles at 1548 Â and 1551 Â are shown in Fig. 3 .5 and 3.6 and the Voigt fit for the observed 1548 line profile is shown in Fig. 4 . The Voigt parameters calculated from the 0*5 /max and o*i / m ax points for this profile were ßi/h -0*156 and ß2lh -0*496. The Lorentzian contribution to the profile with these parameters is small and the analysis was carried out with the assumption that the profile was gaussian. The solar ultraviolet spectrum
Aluminium
The Al ii line at 1670*79 Â in Fig. 3 .7 is blended with the Fe 11 line at 1670*76 Â and also with a longer wavelength component at 1671 Â which appears to be too strong to be attributed to the weaker Fe 11 line 1671*01 Â, in the same multiplet No 40 (Moore 1950) . The complexity of the blend makes a width measurement on the aluminium line impracticable.
Silicon
This spectrum is represented by three stages of ionization. The Si 11 lines at 1527 Â and 1533 Â in Fig. 3 .8 and 3.9 exhibit pronounced self-reversal. However, the Si ii line at 1817*45 Â has a profile, shown in Fig. 3 .10, which is symmetrical and gaussian to below / = o*i / m ax where the wings begin to be influenced by the continuum. The other lines in this multiplet at i8o8*o and 1816*9 Â are heavily overexposed and are unsuitable for profile measurements. The Si in line at 1892*03 Â shown in Fig. 3 .11, stands above the adjacent continuum level and has a profile shape which shows blending on the short wavelength side. It is probable that the asymmetry can be attributed to effects arising from the Fraunhofer absorption spectrum rather than to a blended emission line. The Si in line is due to an intersystem transition and should be optically thin. The two Si iv lines at 1394 and 1403 Â were recorded at low densities as is evident in Fig. 3 .12 and 3.13. The 1394 A component is in good agreement with a Voigt profile fitted to the 0*5 /max and 0*I /max widths.
Sulphur
Numerous S 1 lines occur in the spectrum, arising from multiplets Nos 1, 2, 3 and 4 (Moore 1950) . Three of the lines have been densitometered and the profiles are shown in Fig. 3 .14, 3.15 and 3.16. The lines show no self-reversal, although the line at 1472*99 Â is asymmetric, and if this is due to a blend then the additional component is not identified.
Iron
Many Fe 11 lines are present and the density profiles for the wavelengths listed in Table I are shown in Fig. 3 .17-3.27. When plotted on an intensity scale most of the lines are asymmetric or flat-topped with indications in some cases of self-reversal, and are highly non-gaussian. Fig. 5 shows the intensity profile for Fe ii 1713.01 Â (multiplet No. 38) compared with a gaussian fitted to the apparent ion temperature, 7i, calculated from the half-intensity width. This condition is typical of most, but not all, of the Fe 11 profiles. The Fe 11 line at 1936*78 Â (multiplet No. 96) is recorded in emission within the broad aluminium autoionized line at 1937 Â. This Fe 11 line has its lower level well above the ground state, and due to its low (calculated) oscillator strength is the most likely of the measured Fe 11 lines to be optically thin. The density profile is shown in Fig. 3 .27. It is recorded at low density above the surrounding depressed continuum and the slight asymmetry can be attributed to this situation. The adjacent absorption line is identified as Fe I 1937*274 Â (multiplet No. 35) . The Fe 11 line at 1724*847 Â (multiplet No. 39) is blended on the long wavelength side with the weaker Fe 11 line 1724*963 (multiplet No. 37) but nevertheless it has been possible to separate the blend to allow its shape to be investigated. The widths of the Fe 11 profiles are discussed in a later section.
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Iron n 1713-00 Â Fig. 5 . Intensity plot of the Feu 1713-00 Â profile compared with a gaussian profile fitted to the* Ti* value given hy the observed half-intensity width. The gaussian is plotted symmetrically about the line centre defined by the peak of the Fe 11 profile.
ANALYSIS OF THE OPTICALLY THIN LINES
The optically thin lines recorded in the spectrum are listed in Table II , the first three columns of which show the ion, the wavelength and the observed halfintensity width of the line. The instrumental width was subtracted from the observed widths using the methods of Minkowski & Brück (1935) and the derived intrinsic widths are shown in column 4.
i Line broadening
There are two physical mechanisms that give rise to significant broadening of spectral lines discussed here, namely (i) Doppler broadening; and (ii) radiation transfer in optically thick lines which is accompanied by a redistribution in wavelength as the radiation diffuses out of the atmosphere.
When the latter can be neglected Doppler effect only need be taken into account and the analysis is simpler. The optically thin lines that may be treated in this way have been identified from calculations of their approximate opacities at the line centres. Such calculations depend on atomic properties and also on density, and on particle velocity distributions in the atmosphere. The lines thus identified are listed in Table II . They are analysed on the assumption that the Doppler width has two components due to :
(i) the thermal motion of the atoms or ions; and (ii) a mechanical motion common to all the local atoms and ions.
The thermal component is determined from a knowledge of the electron temperature T e in the region of the atmosphere where the line is emitted. The evaluation of Te depends on ionization balance calculations and other atomic properties as well as the nature of the solar atmosphere. These considerations are inter-related with the factors affecting opacity and are considered together in the following paragraphs.
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Certain of the lines of neutral atoms and singly charged ions are also predicted by Burton et ah to be optically thin. The C 1 line at 1993*620 Â is an intersystem line, with a very small oscillator strength (Tatum 1968) . On the basis of the HarvardSmithsonian Reference Atmosphere (HSRA) (Gingerich et ah 1971) it is calculated to be optically thin. However, the temperature at which the line is predominantly formed is difficult to determine since the emission is controlled by the optically thick multiplet at 1656 Â (Jordan 1967) . By analogy with Chipman's (1971) study of the strong O 1 triplet it is likely that the C 1 1656 multiplet is formed at T e ^ 7000 K. Similarly the S I lines at 1900*27 Â and 1472*993 Â are intersystem lines having small oscillator strengths (Müller 1968) and should be optically thin. The low abundance of sulphur leads to small opacities even for the permitted line at 1474*01 Â (multiplet No. 3). Because the population of S 1 falls rapidly with increasing temperature the S 1 lines are likely to be formed where 4^00 K<r e < 8000 K.
The emission contribution functions for the Fe 11 lines are complex, and interlocking occurs with visible and near ultraviolet transitions. Even on the basis of simple excitation from the lower level of the transition and an effectively thin atmosphere, contributions to Fe ii could come from regions where 4*5 x 10 3 K< T e <2x io 4 K. However, the low oscillator strength (/ = 2 x io~3) for the Fe 11 line at 1936*78 Â (based on a Coulomb approximation computation) leads to ~6o per cent of this line being formed where 6x io 3 K< T e <2x io 4 K, and where the opacity is less than unity. An average value of io 4 K has been taken.
Since photoionization from Fe 1 to Fe 11 will be important, LTE populations have been used in this estimate to give an upper limit to the Fe 11 ionization populations at these low temperatures. The other Fe 11 lines will have larger optical depths and their profiles are discussed below. Thus even for the optically thin line the measured line profile will be an average over the temperature regions where the line is formed. The situation for the Si 11 lines is similar and the same average temperature has been taken. About 60 per cent of the line at 1817 Â should be formed under optically thin conditions, but again the line is formed over a range of temperatures.
The electron temperature value, T e , determined for each line is given in column 5 in Table II . 4.1.2 Thermal and mechanical components. Within the accuracy of the observations the profiles of the optically thin lines are gaussian and they may be analysed without loss of information by first determining an apparent ion temperature, Ti, from the intrinsic width AÀ of each line using the following expression:
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where M\ is the atomic weight of the ion. Values of T\ are listed in column 6 of Table II and may be compared with the values of T e -In each case T\ is greater than Tq confirming the existence of a non-thermal component of velocity (see Boland et al. 1973) . A comparison of the present data with the previous results shows agreement within the respective experimental errors. The values listed in Table II , however, are more accurate following the elimination of the instrumental effects which degraded some of the data in the earlier experiment. Following the earlier analysis the true ion temperature is equated to the electron temperature Te, and the non-thermal component of the observed ion energy is calculated from
where Mi is the mass of the ion and (Fm 2 ) is the mean square velocity of the mechanical component in the direction of the observation. The values for the root mean square velocities <Fm 2 > 1/2 are given in column 7 of Table II .
It should be noted that the data are sensitive only to the component of velocity parallel to the direction of observation and are unaffected by motions in a perpendicular direction. The thermal component is assumed to be randomly distributed as usual but the direction of the mechanical component is considered further below. <F m 2 ) 1/2 is shown plotted against the electron temperature T e in Fig. 6 , where it is compared to the sound velocity C s derived from the expression:
y has been taken to be |, and in calculating the pressure P the electron and ion components were included. Account was also taken of the presence of the heavy elements in the Sun's atmosphere in calculating both P and the mass density p. Table II and Fig. 6 show clearly the existence of a non-thermal energy component in the region of the chromosphere between 10 4 and io 5 K. The mean velocity associated with the non-thermal component increases as the temperature increases, but always remains sub-sonic. 4.1.3 Mechanical energy density. If the mass density of the relevant region of the atmosphere is p and the mechanical motion is confined to the direction parallel to that of observation then the mechanical energy density E is E = ïp<V M 2 >.
In evaluating E, values of p have been calculated taking account of elements heavier than hydrogen and using number density values from the HSRA (Gingerich et al. 1971 ) and assuming hydrostatic equilibrium at temperatures of io 4 K and above.
The values of the hydrogen atom and ion number density n{H) used are given in Table II . The corresponding approximately constant pressure of the atmosphere at io 4 K is equivalent to (n e Ty ~ 5.10 14 cm -3 K and is consistent with the value adopted above to estimate the opacities and mean values of T e . The resulting values of E are given in Table III . Spectra taken with good spatial resolution (Tousey 1971; Tousey et al. 1973; Reeves et al. 1974) show that the chromospheric lines are emitted primarily from the boundary regions of the supergranule convection cells and cover only a fraction of the total solar surface. Thus the values of the mechanical energy density given above refer predominantly to these regions rather than to the central areas of the cells. The value of E found above may be taken as representative of the whole surface when it will be the same as the mean mechanical energy density. Alternatively, it may be assumed that the motion is confined to the boundary regions where it is observed, so that the mean mechanical energy density is obtained by multiplying 2? by a weighting factor «t equal to the fraction of the area emitting the particular line. This factor is estimated below to be öt ~ 0*4.
If the mechanical motion has equal components in directions perpendicular to observation then the corresponding mechanical energy density is 3 E. It is conceivable that the perpendicular components are greater than the observed component so that it is possible that the factor is greater than 3.
Taking both these uncertainties into account indicates that the mean mechanical energy density lies in the approximate range 0*4 2? to 3 2? where E is given in Table  III. 
Coronal heating
At this stage the proposition is introduced that the observed mechanical motion is associated with a propagating mode which is dissipated in the corona and is responsible for heating it. Two possibilities are examined, namely that the energy propagates in (i) an acoustic mode; and (ii) an MHD mode. Thus energy fluxes <t> are derived from the expression <£ = zEC where C is the propagation velocity. In the acoustic case C depends only on the temperature but in the MHD case the solar magnetic field also enters. Fig. 7(a) . For the case of a network model in which the acoustic flux is propagated only from an area öt (see below), the mean flux 0 S is listed in Table III and plotted as open circles in Fig. 7(b) . The vertical error bars in Fig. 7 represent the factor 3 range of increase if the velocity components were isotropic. Previously ) a factor £ was introduced in calculating 0 S to take account of the modification to the profile caused by the variation in the excitation rate of the spectral line during the sound wave cycle. Since that paper was written it has been recognized that this is a more complex problem and this is discussed in the following paragraphs. Thus, instead of using their values of £ between 0*64 and o*8i the present analysis is equivalent to adopting the constant value of i-o.
The spectroscopic effects of a pure sound-wave in a plasma have been investigated theoretically by McWhirter & Wilson (1974 ,1975 . They calculated the profiles of spectral lines modified by the presence of a sound-wave propagating in the direction of observation. There it is shown that the resulting profile is asymmetric with the blue wing stronger than the red. No. 3, 1975 The solar ultraviolet spectrum 719
The present observed profiles of the optically thin lines have been carefully examined for any trace of this effect and in no case has any significant asymmetry been found. The observations are certainly averaged over many waves propagating in a wide range of directions, so that the profiles can be expected to be smeared to an extent that is difficult to calculate. However, because propagation must be largely towards the observer some asymmetry should remain and at the least would appear as a blue-shift of the centre of gravity of the observed profile away from the unperturbed position. Although the experiment was not designed specifically to allow high accuracy absolute wavelength measurements, it is possible to establish a wavelength scale by making comparison with the positions of Si 1, Fe 1 and Fe ii absorption lines, which are assumed to be unshifted.
On this basis it is concluded that if there is a shift then it is less than 0*03 Â in the case of the Si in line at 1892 Â. Theoretically it has been shown by McWhirter & Wilson (1975) that the centre of gravity of the profile of this line is shifted by about 0*03 Â for a plane isothermal sound wave propagating directly towards the observer and carrying the observed energy flux. Because of the need to average over a wide range of directions the shift of the centre of gravity is going to be less than the case treated. Thus, the accuracy is not sufficient to be able to make a clear statement on this point and more accurate wavelength measurements are required.
4.2.2 MHD modes. The presence of the solar magnetic field means that MHD modes of energy propagation are possible. The magnetic flux is associated with the structure of the chromospheric network which means that the assumption of spherical symmetry is not appropriate for these considerations. Thus it is necessary to try to take account of departures from spherical symmetry, and in particular the effect of the regular network surrounding the supergranule convection cells. It is now known from high resolution rocket data (Tousey 1971) and from Skylab (Tousey et al. 1973; Reeves et al. 1974 ) that spectra originating from the upper chromosphere and transition region are concentrated along the boundaries of the cells (the network). Indeed, all the lines observed in the present experiment can be assumed to have such a distribution. In particular, it is possible to deduce from Reeves et al. (1974) that the network in transition region lines is ~ 10 arcsec wide and that the cells are ~ 46 arcsec across. Their results indicate that ~ 85 per cent of the intensity comes from ^40 per cent of the total area. Kopp (1972) has considered a model in which all the magnetic flux is swept to the cell boundaries, and provides a ducting channel both for the non-thermal heating of the corona and the conducted heat back. The flux expands with height, until in the corona it is uniform across the cells. Gabriel (1974 Gabriel ( , 1975 has developed a network model by deriving the actual shape that the expanding flux will take up. This model gives a smooth variation for the width of the network with height. If this result is taken together with the observational evidence that the network is ~ 10 arcsec wide in the transition region and ~ 5 arcsec in Ca K2, it can be combined with a chromospheric model such as that of Vernazza, Avrett & Loeser (1973) to give a variation of the network area factor with temperature. This quantity is given as a^ in Table III . Furthermore, a combination of Gabriel's model with that of Vernazza et al. enables values for the field strength B against temperature to be obtained for a region where the mean field strength is ~ i Gauss. This is also listed in Table III Table III and is plotted as x's in Fig. 7(b) . The MHD modes are not relevant to spherical models.
Comparison with solar models
4.3.1 Models based on observed spectral intensities. An analysis of the absolute intensities of spectral lines of ions formed in the transition region and corona allows the derivation of the temperature T and temperature gradient dTjdh of the atmosphere as a function of height h. Such an analysis is described by and . The resulting models of the solar atmosphere indicate that by far the largest energy loss from the corona is thermal conductivity back through the steep transition region towards the chromosphere. The conducted energy flux may be calculated using Spitzer's (1967) coefficient of thermal conductivity. Such models are very sensitive to the value of pressure (n e Ty chosen for the region as well as the error bars on the observed intensities and atomic data used. Models due to various authors lead to fluxes varying between 5.10 5 and 2-6.10 6 erg cm" 2 s -1 . This range is shown by the horizontal lines marked A on Fig. 7(a) . When account is taken of the magnetic effects of the network Kopp (1972) has shown that the mean flux is decreased by «t 2 -With a value of «t ~ 0*39, the above range becomes 8.10 4 to 4.10 5 erg cm -2 s" 1 . This is shown at A on Fig. 7(b) .
4.3.2 Model based on energy balance. An alternative approach to that based on the observed absolute intensities of EUV spectral lines is to compute theoretically the atmosphere that results from the energy balance between the power radiated as spectral lines and continuum and the conducted flux of heat that originates from the dissipation of mechanical energy in the corona. Such a model has been derived by McWhirter, Thonemann & Wilson (1975) and one of the results is the relation between the rate of dissipation of mechanical energy in the corona and the pressure required to radiate all of it. Values are reproduced from that paper in Table IV . Interpolation between these values shows that for the pressure assumed in calculating E above «« e T) = 5.io 14 cmr 3 K) a mechanical energy flux of 3-2.10 5 erg cm -2 s" 1 is required. This is shown by the horizontal dashed line B in Fig. 7(a) where it may be compared with the values of </> s for ions at temperatures > io 4 K.
It should be noted that both the theoretical and observed fluxes depend on the value of n e T in much the same way so that its value does not significantly affect the comparison. The model is based on the assumption of spherical symmetry and the comparison above has been based on the same assumption for the observed values. If account is taken of the channelling effect of the magnetic field at the cell boundaries, both No. 3, 1975 The solar ultraviolet spectrum 721 the computed and observed fluxes should be reduced by the factor a^-The model can also be compared with the measured fluxes based on the MHD interpretation. This is shown by the dashed line B in Fig. 7(b) .
The comparisons shown in Fig. 7(a) and (b) show that within the error bars it is not possible to rule out either a spherical or a network model. There is some indication that the absolute intensity models can be fitted better to a network model than a spherical model, but there is no preference within this comparison for either an acoustic or an MHD mode. More serious is the difficulty in any of the comparisons of explaining the increase in energy flux with temperature in the range io 4 to io 5 K. For the models considered this would be predicted either to remain constant or decrease.
Turbulence
There remains the possibility that the observed non-thermal velocity components do not represent a propagating wave. Other workers have recognized this in analysing optically thick lines and have introduced the concepts of microturbulence and macroturbulence depending on whether the scale length of the turbulence is less than or greater than the distance corresponding to unit opacity. In the present case of optically thin lines it is not possible to distinguish between the two so the simple term ' turbulence ' is used. The magnitudes of this turbulence derived from the observations are the rms mechanical velocity <Fm 2 ) 1/2 given in Table II and it is of interest to compare these values with the micro-or macroturbulent velocities derived by other authors. In particular the microturbulent velocity field used by Vernazza et al. (1973) is shown as a dashed line in Fig. 6 and is consistent with the present observations. Chipman (1971) used a similar technique but aimed for consistency with observations of O I and C 11 multiplet intensities and profiles, and with limb darkening. He derived a velocity field that is supersonic over a narrow region of the atmosphere as shown by the dotted line in Fig.  6 . There is no evidence from the present data to support this result.
OPTICALLY THICK LINES
As mentioned in Section 3 some of the lines of C 1, Si 11 and Fe 11 exhibit highly non-Gaussian shapes, indicating that radiative transfer effects as well as massmotions, may be important. The widths of the Si 11 and Fe 11 lines are given in Table V .
The strong self-reversal observed for the C 1 multiplets is broadly compatible with an optical depth of ~ io 3 at the line centre. In the HSRA these lines will probably be formed around T e = 7000 K. B. C. Boland et al. Vol. 171 It is difficult to calculate the contribution functions for the Fe n lines because of the interlocking which occurs between these and lines in the visible part of the spectrum. Further, not all the necessary atomic data are available. However, approximate calculations of the optical depths and contribution functions have been made by assuming that these EUV lines are excited predominantly by collisions from their lower levels. Because photoionization is important the Saha equation was used for the ionization equilibrium populations below T e = io 4 K. The resulting contribution functions extend over the whole chromosphere from 6 x io 3 K to 2 x io 4 K. However, neither the non-thermal motions in this part of the atmosphere, derived from the optically thin lines, nor the calculated optical depths are individually sufficient to explain the large breadth of the observed lines. Interpreted as velocities these widths correspond to 11 km s^1 < (Fm 2 ) 1/2 < 16 km s" 1 . Athay (1972) points out that in a situation where the thermal and non-thermal motions are increasing rapidly with height photons created low in the atmosphere are inhibited from escaping, beyond the amount expected from simple optical depth considerations. This complex situation may be the cause of the observed large widths. As might be expected there is a correlation, though a weak one, between the relative optical depths and the half widths of the lines. (The relative optical depth is given by the product/. À(Â) ghlgT, where and^T are the statistical weights of the lower level and term, respectively. The values of this product are given in Table V.) Similar arguments hold for Si 11. However, the large widths and self-reversal of the lines at 1526 A and 1533-4 A, whilst the lines at 1817 A are approximately gaussian, is compatible with the ratio of their optical depths, which is ~6x io" 3 .
DISCUSSION AND CONCLUSIONS
Microdensitometer traces for 37 emission lines in the spectral range from 1400-2000 A are presented. These are divided into two classes depending on whether they are optically thin or optically thick. The optically thin lines have approximately gaussian profiles while the others are more complex and many show 7*3 No. 3, 1975 The solar ultraviolet spectrum self-reversal. The optically thick lines are listed with their relative optical depths but there is no further analysis of these profiles as this would require a radiative transfer calculation which is beyond the scope of the present paper. The optically thin lines are analysed in terms of their Doppler profiles arising from two causes, (a) thermal motion, and (b) local mechanical motion. The temperature for the thermal component is taken to be that at which the product of the excitation function with the ion population ratio has its maximum. The residual velocity which is ascribed to the mechanical motion is found to increase with temperature but always to remain subsonic. This can be interpreted as a propagating wave in either an acoustic or an MHD mode. The resulting energy flux is compared with that required to heat a model atmosphere. Such models can be derived either from observed spectral intensities or from energy balance calculations, either for a spherically symmetric or a network structure. Within the errors involved in the theory and observations, and because of the uncertainties in interpretation, neither acoustic nor MHD modes can be eliminated. There is some support for a network model. The increase in energy flux with temperature is difficult to understand. It is possible that some significant part of the observed velocities is due to non-propagating modes, or even to a random microturbulence of unspecified origin, as frequently adopted in model atmosphere calculations. Measurements with higher resolution and wavelength accuracy might help by disclosing as yet unobserved spectral line asymmetries and shifts. It would also be helpful to observe optically thin lines from other ions formed in the region 7. io 3 K to 2. io 4 K in view of the uncertainty about the temperature region in which Fe 11 and Si 11 lines are formed.
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